Introduction
COPD is characterized by chronic airflow limitations and persistent symptoms and is mainly caused by tobacco smoking. COPD is a heterogeneous disease with variations in clinical presentation, response to treatment and prognosis. 1 There is an increasing evidence that physiological parameters of lung function (inspiratory capacity, FEV 1 , FVC, and peak expiratory flow) in patients with COPD vary greatly along the day. [2] [3] [4] [5] Similarly, diurnal COPD symptoms are variable, and COPD patients report morning as being the worst time of the day, with symptoms impacting their ability to perform routine morning activities (washing, drying, and dressing) and thereby affecting their health-related quality of life (HRQoL). 6 Although morning seems to be the most burdensome time of the day for COPD patients, few tools have been developed to quantify the impact of morning symptoms in COPD. The Capacity of Daily Living during the Morning (CDLM) is a validated,
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núñez et al self-administered questionnaire that measures the ability of patients to carry out six different morning activities. 7 Two randomized clinical trials showed that the CDLM questionnaire has good-to-high reliability and correlates significantly with symptoms, HRQoL, and the use of rescue medication. [8] [9] [10] However, no studies have investigated the correlation of CDLM scores with other clinical variables and questionnaires frequently used in COPD outside the context of a clinical trial.
The aim of the present study was to determine the variables related to CDLM scores in a large population of patients with different degrees of functional impairment in both primary and secondary care.
Methods
study design
The FENEPOC (Identification and distribution of COPD phenotypes in clinical practice according to Spanish COPD guidelines) study was an observational, cross-sectional, multicenter study, which aimed to determine the distribution of COPD phenotypes and evaluate the availability of diagnostic tools for the classification of COPD phenotypes.
A detailed description of the protocol has been published elsewhere. 11 Here, we present the results of the evaluation of the CDLM questionnaire as a tool to measure the impact of COPD on morning activities.
Participants
The patients included were recruited from primary care and pulmonology centers in Spain from November 2012 to December 2013. The inclusion criteria were stable ambulatory COPD patients (at least 1 month following recovery from the last exacerbation); age $40 years; current or former smoker with a smoking history of at least 10 pack-years and a post-bronchodilator forced spirometry FEV 1 /FVC ratio ,0.7 or a pre-bronchodilator FEV 1 /FVC ratio ,0.7 and FEV 1 ,80% (when a post-bronchodilator test was not available). The exclusion criteria were the presence of another chronic respiratory disease (eg, cystic fibrosis, severe bronchiectasis, cancer, or restrictive lung disease) and inability to complete the quality of life questionnaires.
ethics approval and informed consent
All the procedures performed in this study were in accordance with ethical standards of the Institutional Review Board and with the Declaration of Helsinki. This study was approved by the Ethics Committee of Hospital Clínic i Provincial de Barcelona, Spain. Written informed consent was obtained from all study participants.
Variables
The sociodemographic characteristics and clinical COPD data of the patients included were collected. The degree of dyspnea was assessed according to the modified Medical Research Council dyspnea scale. 12 The BODEx (body mass index, airway obstruction, dyspnea, exacerbation) index was calculated. 13 Other variables studied included lung function tests, clinical symptoms (cough, expectoration, wheezing), and number of exacerbations.
Patients were classified into the following clinical phenotypes according to the GesEPOC (Spanish COPD guidelines) criteria: 14 1) non-exacerbators (NE): patients with 0 or 1 exacerbation in the previous year; 2) exacerbators with emphysema (EE): patients with at least two exacerbations in the previous year and clinical/radiological or functional evidence of EE; 3) exacerbators with chronic bronchitis (ECB): exacerbators with cough and expectoration for at least 3 months of the year over 2 consecutive years; and 4) asthma-COPD overlap: patients who met two major criteria or one major and two minor criteria. Major criteria were previous history of asthma and bronchodilator response to salbutamol .15% and 400 mL, and minor criteria were high total IgE, history of atopy, two separate bronchodilator responses to salbutamol .12% and 200 mL, and blood eosinophil levels .5%.
15
Exacerbation was defined as an acute increase in respiratory symptoms requiring treatment with antibiotics and/or systemic corticosteroids or treatment in a hospital setting.
11
COPD assessment Test (CaT) and CDlM questionnaires
The CAT is a short questionnaire that consists of eight items that reflect symptom burden and limitations in patient activity due to COPD: cough, phlegm, chest tightness, breathlessness on going up hills or stairs, any limitation in activity at home, confidence leaving home, sleep, and energy. The scale ranges from 0 to 5 points for each item, and the total score ranges from 0 to 40, with higher scores indicating a poorer perception of disease-related health status. A score of 2 points is considered as a minimum clinically important difference (MCID). 16 Patients were also asked to answer the CDLM questionnaire, which is a self-administered test in which patients are required to report their ability to carry out six different 
3839
Impact of morning symptoms in COPD using CDlM questionnaire morning activities and rank the difficulty of performing each activity in a 5-point Likert-type scale ranging from 0 (not difficult) to 4 (extremely difficult). The responses to the two questions for each morning activity are used to calculate a score ranging from 0 (so difficult that the activity could not be carried out by the patient on their own) to 5 (activity that was not at all difficult to carry out). There is no weighting of the different morning activities, and the total CDLM score was calculated as the average of all the morning activities. Higher scores in the CDLM questionnaire represent a better HRQoL. 7 
statistical methods
The frequency and valid percentage of the qualitative variables were determined. Regarding the quantitative variables, measurements of central tendency and dispersion were used (mean and SD).
The CDLM score was transformed into a qualitative variable according to the tertile values in order to determine the variables related to the questionnaire. In the case of quantitative variables, comparisons of patient characteristics according to CDLM tertiles were carried out with the use of the ANOVA (Kruskal-Wallis if normality was not assumed) with linear trend analysis and Bonferroni correction for multiple comparisons. The chi-squared test (Fisher's exact test for frequencies ,5) was employed for the comparison of categorical variables with the Kendall's tau linear trend test. Linear relationships were analyzed using Pearson correlations.
A multivariate analysis was performed using a back stepwise multinomial model in order to identify the variables related to the CDLM tertile scores. Relevant clinical variables with a P-value ,0.1 in the univariate analysis with outcome were included as independent variables in the stepwise models.
Receiver operating characteristic curve analysis was used to analyze the predictive power of the CDLM score to detect characteristics reflecting COPD severity (BODEx $2 and CAT $10). For all the tests, a difference with a twotailed P-value ,0.05 was determined to be significant. The statistical package SPSS (V 23) was used.
Results Participants
A total of 647 patients with COPD meeting all the inclusion criteria were recruited; of these, 605 (93.5%) had a valid CDLM questionnaire and constituted the population of our study.
Descriptive data
The global mean age (SD) was 68 years (9.1), and most patients were male (80.8%). Seventy-three percent were former smokers with a mean tobacco consumption of 43.9 (23) pack-years. The mean post-bronchodilator FEV 1 % was 53.4% (19.2%), and the mean BODEx score was 3.2 (2. 0). The mean CAT score was 16.6 (8.3) , and the mean CDLM score was 4.5 (interquartile range 3.8-5). The distribution of the tertiles of the CDLM scores provided the following thresholds: ,4.17, 4.17-4.89, =5.00. We found a ceiling effect on the distribution of the CDLM scores: of the 605 patients studied, 194 (32%) had a CDLM score of 5.00 and no patient scored 0. The lowest value registered was 0.67. The sociodemographic and clinical characteristics for the entire sample and by tertile are shown in Table 1 .
Main results sociodemographic and clinical characteristics according to CDlM tertiles
On comparing the different tertiles, we observed that patients in the first and second tertiles, that is, those having a higher impact in the morning, were older, albeit not significantly, than patients in the third tertile.
In comparison with patients in the third tertile, those in the first tertile had a higher grade of dyspnea (2.3 (0.8) vs 1.3 (0.8): P,0.001), a higher mean CAT score (23.4 (6.8) vs 10.7 (6.2); P,0.001) and higher mean BODEx score (4.8 (2.2) vs 2.0 (1.3); P,0.001), as well as a higher rate of moderate and severe exacerbations per year. In regard to treatment, patients in the first tertile more frequently used long-term oxygen therapy (LTOT) in contrast to patients in the third tertile. We did not find statistically significant differences between the first and third tertiles in the other variables studied.
However, we did find statistically significant differences between the first and second tertiles in terms of lung function impairment: FEV 1 % (48.7 (20.7) vs 50.9 (16) The distribution of the CDLM scores according to clinical phenotypes is shown in Figure 1 .
In relation to the COPD severity-related variables, we found a close negative linear relationship between the CAT and CDLM scores (rho =-0.611 and P-value ,0.001) ( Figure 2 ) and a mild positive linear relationship between FEV 1 % and the CDLM score (rho =0.214 and P-value ,0.001) (Figure 3 ). Figure 4 shows that patients with a lower CDLM score had a higher BODEx index.
Multivariate analysis
The multinomial regression model showed that patients in the first and second CDLM tertiles with lower CDLM values were significantly older and presented higher CAT and BODEx scores compared to patients in the third tertile. In contrast, patients in the first and second tertiles showed lower FEV 1 % values (OR =0.750, P=0.001 and OR =0.860, respectively; P=0.001) ( Table 2 ).
Other analyses
Predictive value of the CDlM score compared to a BODex index $2 and a CaT $10
We found an area under the curve (AUC) of the CDLM scores of 0.256 (95% CI: 0.201-0.305) and 0.289 (95% CI: 0.218-0.358) to detect a patient with BODEx $2 or CAT $10, respectively. The predictive value of the CDLM score for the 
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Impact of morning symptoms in COPD using CDlM questionnaire combination of the two variables (BODEx $2 and CAT $10) also showed a low predictive value (AUC =0.295, 95% CI: 0.245-0.350). The best predictive cutoff point of CDLM was 3.5, although this value was not found to be significantly better to identify BODEx $2 and CAT $10 (AUC =0.321, 95% CI: 0.267-0.401).
Discussion
Key results
Our results show that lower CDLM scores (patients in the first and second tertiles) are related to markers of greater COPD severity, in particular with a higher degree of dyspnea and higher CAT and BODEx scores. In addition, patients with lower CDLM scores had greater impairment in lung function tests and a higher rate of exacerbations per year, and more frequently required LTOT. Moreover, patients with lower (worse) CDLM scores were predominantly ECB in contrast to patients with high (better) CDLM scores who were predominantly NE.
Interpretation
The use of the CDLM questionnaire as a tool to measure the efficacy of different COPD treatments on health status during morning was validated by Partridge et al using the results of secondary analyses of blinded data from two randomized, multicenter, multinational studies. [7] [8] [9] [10] The first study compared the effect of once-daily tiotropium with a combination of tiotropium plus twice-daily budesonide/ formoterol, and the second study compared the effect of budesonide/formoterol and fluticasone/salmeterol, both in patients with moderate-to-severe COPD. [8] [9] [10] In both the studies, the CDLM questionnaire and the St George's Respiratory Questionnaire (SGRQ) to assess HRQoL were completed before and after the different inhaled treatments. 17 The CDLM questionnaire showed a moderate-to-high correlation with COPD symptoms, HRQoL (measured by the SGRQ), and the use of rescue medication, but no correlation with lung function parameters such as FEV 1 , and it did not distinguish between different levels of disease severity. In addition, the authors calculated the MCID of the CDLM scores and found that a change in the CDLM score of 0.20 corresponded to a change of four units in the SGRQ score. 7 In contrast to the previous trials, we analyzed CDLM scores and their relationship with clinical variables of COPD severity, instead of analyzing changes in scores induced by treatment. Our results showed that higher CAT and BODEx scores and a lower FEV 1 % were independently related to lower CDLM scores. In addition, we found a ceiling effect, observing that 72.5% had a score higher than 4.00 and one-third of our population obtained the maximal score of 5.00. No floor effect was observed and the lowest score reported was 0.67. The CDLM questionnaire agglomerates most of the patients in the upper limit and, thus, does not discriminate well between different levels of COPD severity. Establishing a convergent point between CDLM scores and high BODEx and CAT scores was not possible, and therefore, we could not determine an arbitrary cutoff to differentiate high impact of morning symptoms from low impact.
Other questionnaires have been used to assess morning symptoms, such as the Early Morning Symptoms of COPD Instrument (EMSCI), which evaluates three concepts in COPD patients: the occurrence and impact of morning symptoms and the use of rescue medication. 18 In a recent international study including 734 patients with COPD, the EMSCI identified a group of 147 (20%) patients with severe morning symptoms. These patients were mostly women with more severe COPD in terms of lung function and BODEx, and who were more inactive and presented more exacerbations. 19 Another multicenter study used a Nighttime, Morning and Daytime Symptoms of COPD questionnaire, developed by the study sponsor, in order to assess the impact of symptoms in COPD patients. This questionnaire divides the day into three periods and asks patients about the frequency and severity of respiratory symptoms during each period. A significant relationship was observed between early morning and daytime symptoms and the severity of airflow limitation and in general, patients with symptoms during any period of the day had worse outcomes, including health status, anxiety, and depression levels. 20 Moreover, in a recent study, physical activity carried out along the day was assessed according to morning symptoms. 21 Morning symptoms were evaluated with the PRO-Morning COPD Symptoms Questionnaire which consists of six questions about dyspnea, cough, sputum production, wheezing, chest tightness, and limitations in the morning, and the severity of these symptoms is rated with a Likert scale from 0 to 10 points (0 for no symptoms and 10 for the worst symptoms). 22 A significant difference was observed in the physical activity during the morning and afternoon between patients with severe and few morning symptoms: patients with high morning symptom scores took fewer steps throughout the day, showing an association between morning symptoms and lower physical activity. 21 The development of these tools to investigate morning symptoms highlights the importance of this part of the day for COPD patients. 6, 23 Indeed, it is likely that the development of pharmacological and non-pharmacological interventions could improve the health status of these patients in the morning. The use of validated questionnaires may help researchers and clinicians to identify this problem 
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Impact of morning symptoms in COPD using CDlM questionnaire and compare different strategies to improve the HRQoL of patients with COPD. 24 limitations of the study
Taking into account the cross-sectional design of this study, we were unable to analyze the direction of the associations observed, and hence, further prospective studies are needed. Our population included predominantly men, and all patients were smokers or former smokers; therefore, our results may not be extrapolated to the general population.
The main strengths of this study are the large sample of COPD patients included with a large range of disease severity and different clinical settings.
Conclusion
The highest impact in morning symptoms measured by the CDLM questionnaire was associated with markers of COPD severity, such as worse lung function, a higher rate of exacerbations, and a greater number of symptoms. Due to the ceiling effect of this questionnaire, it may not be useful in clinical practice to discriminate between the high or low impact of morning symptoms, and thus, it would be more adequate for the evaluation of response to different treatment options in clinical trials.
